C
hronic synovial inflammation and joint damage are cardinal features of rheumatoid arthritis (RA) . Although the precise cause remains unknown, cytokines have a major pathogenic role. The therapeutic benefit of antagonists of tumour necrosis factor alpha (TNFα) and interleukin (IL) 1 in RA provide the best evidence for the importance of cytokines in mediating synovitis. Although IL1 and TNFα blocking treatments are effective, some patients have refractory disease and fail to respond. The reasons for this are yet to be elucidated. In other patients, treatment has had to be withdrawn because of side effects. When anticytokine treatments are withdrawn, in most cases, it is necessary to substitute other disease modifying antirheumatic drugs (DMARDs) because of resurgence in disease activity. Many patients fail to respond to multiple DMARDs, and alternative treatments are needed. As targeting monokines has produced effective treatment of RA, other cytokines have become attractive therapeutic targets. One of these is IL6.
IL6
IL6 is a 26 kDa pleiotropic cytokine. It was known initially as B cell stimulatory factor 2 because it stimulates B cell growth and maturation. Likewise it is also known as hepatocyte stimulating factor because it activates hepatocytes to produce acute phase reactants such as C reactive protein and amyloid A. IL6 is produced by a wide range of cell types including lymphocytes, monocytes, fibroblasts, 1 synoviocytes, 2 and endothelial cells. 3 Structurally, it shares homology with other cytokines: oncostatin M, IL11, leukaemia inhibitory factor, ciliary neurotrophic factor, and cardiotrophin 1. Together, these cytokines constitute the IL6 superfamily. In addition to structural homology, these cytokines use a common signal transduction pathway to stimulate cellular activation. All of the cytokines in the IL6 superfamily bind to either soluble or cell surface cytokine receptor. The cytokine-cytokine receptor complex then binds to a cell surface molecule, gp130. Cellular activation results from activation of gp130. Therefore inhibiting the cytokine, the cytokine receptor, or gp130 antagonises the effect of the cytokine. Whereas blocking the cytokine or cytokine receptor largely inhibits the biological effect of one cytokine, inhibition of gp130 blocks the function of all the cytokines in the IL6 superfamily. The function of IL6 has been studied extensively in vitro. It has effects on the adaptive and innate responses as well as on mesenchymal cells. In the adaptive immune response, IL6, alias B cell stimulatory factor, stimulates B cells to differentiate into plasma cells to produce immunoglobulin. It also stimulates the proliferation and differentiation of T lymphocytes into cytotoxic T cells. IL6 also stimulates the innate immune response through induction of the acute phase response by stimulating hepatocytes and activation of the hypothalamic-pituitary-adrenal axis 4 and the generation of fever. 5 In mesenchymal cells, IL6 stimulates haematopoiesis, including stimulation of megakaryocytic progenitors to produce platelets. It also stimulates the formation of osteoclasts and has a major role in the pathogenesis of osteoporosis. Interestingly, in vitro, IL6 can also abrogate inflammation by suppressing IL1 and TNFα production and by inducing the release of IL1 receptor antagonist and soluble TNFα receptor. 6 Hence it has been argued that IL6 may regulate rather than mediate inflammation in RA.
IL6 IN RA
IL6 is one of the most abundant cytokines found in both the joint and blood of patients with active RA. In the synovial joints, it is produced by lymphocytes, monocytes, fibroblasts, 1 synoviocytes, 2 and endothelial cells. 3 Higher levels of IL6 and IL6 receptor (IL6R) have been found in the serum of patients with RA than controls, and in synovial fluid than serum, reflecting local production by the rheumatoid synovium. 3 7 8 Serum IL6 concentration correlates with disease activity 9 and radiological joint damage. 10 Levels of IL6 decrease after effective treatment with DMARDs. 9 11 Synovial fluid with high levels of IL6 promotes osteoclast activation, and the degree of activation correlates with joint damage in these patients. 10 However, the precise pathogenic role of IL6 in RA is controversial because it has both proinflammatory and antiinflammatory properties in vitro.
BLOCKING IL6 IN AN ANIMAL MODEL OF RA
One of the most convincing pieces of evidence that IL6 is essential in the development of RA came from studies in IL6 deficient mice. 12 Disease susceptible animals (wild-type) were compared with IL6 knockout mice for their susceptibility to induction of arthritis by methylated bovine serum albumin. Characteristically, wild-type animals developed joint inflammation and swelling about nine days after intra-articular injection. However, IL6 knockout mice were resistant to antigen induced arthritis in that no inflammatory response or synovial inflammation was induced. Interestingly, arthritis could be induced in knockout animals if subcutaneous injections of IL6 were given.
In DBA/1J mice, immunisation with bovine type II collagen leads to an inflammatory arthritis resembling RA clinically and histologically. Monoclonal antibody to IL6R reduced the disease severity if given early in the disease process. 13 Takagi et al treated animals with collagen induced arthritis with a single dose (0.5-8 mg) of the rat anti-(mouse IL6R) monoclonal antibody, MR16-1. Treatment was started 0, 3, 7, or 14 days after immunisation. MR16-1 abrogated arthritis if treatment was given on day 0 or 3 but not 7 or 14 days after disease onset.
Similar blocking of IL6 can improve disease in a primate model of RA. Immunisation with bovine type II collagen induces inflammatory arthritis in cynomolgus monkeys. Blocking IL6 with a humanised anti-(IL6R) monoclonal antibody (rhPM-1; 10 mg/kg given weekly for 13 weeks) led to disease improvement. 14 The treatment protocol was similar to the study on DBA/1J mice. 
BLOCKING IL6 IN PATIENTS WITH RA
The results from animal models suggested that inhibition of IL6 in patients with RA may be of clinical benefit. In an open label study, Wendling et al 15 treated five patients with a murine anti-IL6 monoclonal antibody (B-E8, IgG1) given intravenously (10 mg/day) daily for 10 consecutive days. 15 No side effects were noted. Clinical improvement appeared rapidly during the treatment period, with improvement in pain, morning stiffness, the number of tender and swollen joints, and reduction in C reactive protein. However, murine monoclonal antibodies are antigenic; the use of other murine antibodies produced an antiglobulin response which reduced efficacy and increased anaphylaxis after repeated treatment. 16 Hence it is unlikely that murine antibodies can be used as routine clinical treatment for RA.
An alternative strategy for blocking IL6 is to target the IL6R. As discussed previously, inhibiting IL6R inhibits the formation of the IL6-IL6R complex which binds to gp130 leading to cellular activation. A recombinant humanised anti-(human IL6R) monoclonal antibody of the IgG1 subtype (MRA; Chugai Pharmaceutical Co Ltd) was tested in a phase I/II double blind, randomised, placebo controlled, single dose trial in patients with RA. 17 The primary objective of the study was to investigate the safety, tolerability, pharmacokinetics, and efficacy of MRA. Patients with active RA who had failed to respond to at least one DMARD were recruited. Concomitant glucocorticoid treatment was allowed if the dose was <7.5 mg prednisolone a day. Forty five patients were randomised to four cohorts: 0.1, 1, 5, or 10 mg/kg MRA. Within each cohort, patients were randomised to receive a single intravenous dose of either placebo or MRA. The primary efficacy end point was the percentage of patients with ACR20 response at week 2 after treatment. Disease and pharmacokinetics were assessed at baseline and weeks 2, 3, 4, 6, and 8.
The ACR20% response criterion was met by 50% of patients in the 5 mg/kg group at week 2 and none in the placebo group. Improvement was maintained until week 8. A significant difference in ACR20% was also noted between the group receiving 10 mg/kg MRA and that receiving placebo at weeks 6 and 8. The efficacy in the 5 and 10 mg/kg groups was further supported by the return of the erythrocyte sedimentation rate and C reactive protein concentration to normal values. The half life of MRA was dose dependent. In the high dose groups, the plasma half life was about one week. Treatment was well tolerated. Diarrhoea was the most common adverse event, occurring in 17.8% of patients. No patient developed an antiglobulin response to MRA after a single dose.
CONCLUSION
IL6 is an important factor in synovial inflammation. Interrupting IL6 signal transduction with the monoclonal antibody to IL6R, MRA, reduces synovial inflammation. MRA appears to be well tolerated and holds promise as a potential new treatment for RA.
